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NE OF THE HURDLES TO OVER- 

come in most forms of somatic gene 
therapy is the specific delivery of the 



therapeutic gene to the organs manifesting 
the disease. The lung presents special advan- 
tages because a functional gene can be de- 
livered directly to the respiratory epithelium 
by means of tracheal instillation. The disad- 
vantage of such an approach is due to the 
normal biology of the respiratory epitheli- 
um; only a small proportion of alveolar and 
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airway epithelial cells go through the prolif- 
erative cycle in 1 day, and a large proportion 
of the cells are tenninally differentiated and 
are, therefore, incapable of proliferation (1). 
In this regard, it may be difficult to transfer 
functional genes to the respiratory epitheli- 
um by means of vectors (such as retrovi- 
ruses) that require proliferation of the target 
cells for expression of the newly transferred 
gene (2). 

To circumvent the slow target-cell prolif- 
eration, we have used a recombinant aden- 
oviral vector to transfer a recombinant hu- 
man gene to the respiratory epithelium in 
vivo. Host cell proliferation is not required 
for expression of adenoviral proteins (3, 4) y 
and adenoviruses arc normally trophic for 
the respiratory epithelium (5). Other advan- 
tages of adenoviruses as potential vectors for 
human gene therapy are as follows: (i) re- 
combination is rare; (ii) there arc no known 
associations of human malignancies with 



adenoviral infections despite common hu- 
man infection with adenoviruses; (iii) the 
adenovirus genome (which is a linear, dou- 
ble-stranded piece of DNA) can be manip- 
ulated to accommodate foreign genes of up 
to 7.0 to 7.5 kb in length; and (iv) live 
adenovirus has been safely used as a human 
vaccine (3-$). 

The adenovirus (Ad) major late promoter 
(MLP) was linked to a recombinant human 
ctlAT gene (9) and was incorporated into a 
replication-deficient recombinant (Fig. 1) 
(5, 10). The vector has a deletion of a 
portion of the E3 region (that permits cn- 
capsidation of the recombinant genome 
containing the exogenous gene) and a por- 
tion of the viral Ela coding sequence (that 
impairs viral replication) but contains an 
insert of an alAT expression cassette (Fig. 
1) (10, 11). After packaging into an infec- 
tious, but replication-deficient virus, Ad- 
alAT is capable of directing the synthesis of 
human alAT in Chinese hamstery ovary 
(CHO) and human cervical carcinoma 
(tic\A) cell lines (/<?).. 

We obtained tracheobronchial epithelial 
cells by brushing the epithelial surface of the 
tracheobronchial tree from the lungs of the 
cotton rat [Sigmodon hi$pidus y an experimen- 
tal animal used to evaluate the pathogenesis* 
of respiratory traa infections caused by hu- 
man adenoviruses (12)]. The freshly re- 
moved cells infeaed in vitro with Ad-alAT 
expressed human alAT mRNA transcripts, 
as demonstrated by in situ hybridization 
with a 3S S-labeled antisense human alAT 
RNA probe (Fig. 2). In contrast, no human 
alAT mRNA transcripts were observed in 
uninfected, freshly isolated tracheobronchial 
epithelial cells. Human alAT mRNA tran- 
scripts in the infeaed cells were capable of 
directing the synthesis and secretion of hu- 
man alAT, as shown by biosynthctic label- 
ing and immunoprccipitarion with a specific 
antibody to human alAT (Fig. 2E). The 
newly synthesized, secreted alAT was hu- 
man al AT, as shown by the faa that human 
alAT (Fig. 2E, lane 3), but not cotton rat 
scrum, blocked the antibody to human 
alAT. 

Ad-alAT transferred the recombinant 
alAT gene to the cotton rat lung in vivo 
(Fig. 3). Human alAT transcripts were 
observed in the lungs 2 days after intratra- 
cheal instillation of Ad-alAT, but not in 
lungs of animals that received only phos- 
phate-buffered saline (PBS) or in lungs of 
animals that received the Ad5 E la-deletion 
mutant, Ad-dl312 (13). Biosynthctic label- 
ing and immunoprecipitation of extracellu- 
lar protein from lung fragments removed 
from infeaed animals demonstrated that dc 
novo synthesis and secretion of human 
alAT also occurred (Fig. 3B, lanes 11 
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The respiratory epithelium is a potential site for somatic gene therapy for the common 
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transcripts and synthesized and secreted human alAT. After in vivo intratracheal 
administration of Ad-alAT to these rats, human alAT messenger RNA was observed 
in the respiratory epithelium, human alAT was synthesized and secreted by lung 
tissue, and human alAT was detected in the epithelial lining fluid for at least 1 week. 



through 15); this was not observed in unin- 
fected animals (lane 10) or in animals infect- 
ed with Ad-dl312. The de novo expression 
of the human alAT protein lasted at least 1 
week (lane 15), and the secreted human 
alAT was functional, as shown by its ability 



to form a complex with its natural target, 
human neutrophil elastase (NE) (lanes 16 
through 18). 

Two lines of evidence demonstrated that 
the infection of the cotton rat lung with 
Ad-al AT took place in vivo and was not the 
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Fig. 1. Recombinant Adenovirus 
Ad vector. (Top) uto 
Wild-type Ad type 5 
(AdS) genome show- 
ing the Ela, Elb [map pj- 

units (mu) 1.3 to 11.2; /o\io 20 20 to so 60 7080 90 

100 mu = 36 kb], and 

E3 (mu 76.6 to 86.0) / i^ZXZ*ZZT 3.6 kb 

regions. Tne recombi- 
nant vector Ad-al AT 
is constructed by delet- 
ing the majority of the 
E3 region 2nd 2.6 mu 

from the left end of \ t Human ai at cona 

AdS and adding to the ""{~ 
left end the alAT 
cassette 
plasmid 

pMLP-alAT, which EiTSEJeaV 200 ^ 

contains regulatory se- 
quences and a recom- 
binant human alAT gene (10). (Bottom) Details of the alAT expression cassette. UK, inverted 
terminal repeat. To construct the recombinant viral vector Ad-al AT, wc ligatcd the expression cassette 
with Cla I-precut Ad-dl327 DNA (23) (to remove a portion of the Ela region from Ad-dl327). The 
recombinant adenovirus DNA was transacted into the 293 cell line (24, 25), where it was replicated, 
encapsidated into an infectious virus, and isolated by plaque purification. Individual plaques were 
amplified by propagation in 293 cells, and the viral DNA was extracted (26). The intactness of the DNA 
of the recombinant virus was confirmed before use by restriction fragment analysis and Southern 
(DNA) blot. Stocks of Ad-al AT and the AdS Ela deletion mutant Ad-dl312 were propagated and 
ritcrcd in 293 cells (24). The virus was released from infected cells 36 hours after infection by five cycles 
of frccze-thawing. For some in vivo experiments Ad-al AT was further purified with CsCl (25). 



Fig. 2. Expression of hu- A B 
man al AT in respiratory 
epithelial cells freshly 
isolated from cotton rats 
infected with Ad-al AT 
in vitro. (A) Ad-alAT- 
infected cells, antisense 
probe. (B) As in (A) but 
for uninfected cells. (C) 
Ad-al AT-infcctcd cells, 
sense probe. (D) As in 
(C) but for uninfected 
cells. (E) Human alAT 
biosynthesis and secre- 
tion. Wc anesthetized 
cotton rats (methoxyflu- 
rane inhalation), ex- 
posed the trachea and 
lungs through a midline 
thoracic incision, and 

perfused the pulmonary vasculature with LHC-8 medium (Biofluids) to remove blood. The trachea was 
transected, and the tracheobronchial epithelial cells (to the second order bronchi) were recovered with 
a cytologic brush. The epithelial cells were gendy pelleted (300^, 8 min, 23°C), resuspended in LHC-8 
medium, plated on fibronectin -collagen-coated plates (27), and infected with 2 x 10 7 plaque-forming 
units (PFU) of Ad-al AT in LHC-8 medium or, as a control, exposed only to LHC-8 medium. After 
1 day, we evaluated expression of alAT mRNA transcripts in cytoccntrifugc preparations by the 
technique of in situ hybridization (28, 29) with 3S S-labelcd sense and antisense RNA probes (1.2 x 10 s 
cpm/u.1) prepared in pGEM-32 (Promcga). After hybridization, the cells were exposed to autoradiog- 
raphy film for 1 week and countcrstained with hematoxylin and cos in (HE; all panels x520). In (E), 
the cells were infected as in (A). After 1 day, the cells were labeled with [ 3S S]mcthionine (500 u.Ci/ml, 
24 hours, 37*C), and the supernatant was evaluated by immunoprccipitarion with goat antibodies to 
human alAT (Cappcl), SDS-polyacrylamide gel electrophoresis, and autoradiography (30). Lane 1, 
uninfected cells; lane 2, Ad-alAT-infected cells; and lane 3, Ad-al AT-infcctcd cells with unlabeled 
human alAT added to block the antibody. The position of migration of the 52-kD human a 1 AT is 
indicated by the arrow. 






result of virus carried over into the in vitro 
biosynthetic analysis. First, immediate eval- 
uation of lung tissue removed 2 and 3 davs 
after in vivo infection with Ad-al AT re- 
vealed human alAT mRNA transcripts 
(Figs. 3A and 4). Second, evaluation of the 
respiratory epithelial lining fluid of cotton 
rats 3 days after infection with Ad-al AT 
showed no evidence of infectious virus ca- 
pable of directing the biosynthesis of human 
alAT, as evidenced by exposure of the 293 
cell line to epithelial lining fluid and 3S S- 
' labeled methionine, followed by immuno- 
prccipitarion analysis in a manner identical 
to that used for the analysis of the alAT 
biosynthesis by the lung fragments. 

Evaluation of the cotton rat lung by in 
situ hybridization with antisense and sense 
alAT RNA probes revealed human alAT 
mRNA transcripts in lung cells of animals 
infected with Ad-alAT, but not in those of 
uninfected animals (Fig. 4). The expression 
of human al AT mRNA transcripts was 
patchy, as could be expected from the meth- 
od of intratracheal administration of Ad- 
al AT; more uniform expression should be 
achievable by modifications of vector deliv- 
ery methods, such as by aerosol. Consistent 
with the observation that cotton rat respira- 
tory epithelial cells were easily infected in 
vitro (Fig. 2), most of the transcripts were in 
epithelial cells; the available methodologies 
do not permit an accurate assessment of the 
distribution of expression among the multi- 
tude of epithelial cell types in the lung. 
Occasional grains were observed within in- 
terstitial cells. 

Evaluation of the fluid lining the epithe- 
lial surface of the lungs with a human 
alAT-^spccific enzyme -linked immunosor- 
bent assay (ELISA) demonstrated the pres- 
ence of human alAT in animals infected 
with Ad-al AT, but not in those infected 
with the deletion mutant virus Ad-dl312 or 
in uninfeaed animals (Fig. 5). Human 
alAT could be detected at all the periods 
evaluated (days 1 to 7 after Ad-alAT infec- 
tion). No adverse effects were observed in 
the animals at any rime after infection with 
either Ad-dl312 or Ad-al AT. Because the 
methods available for administration of Ad- 
al AT to the animals result in variable deliv- 
ery and retention of the vector, it is difficult 
to make quantitative animal -to- animal com- 
parisons. Thus, the time course for alAT 
expression cannot be accurately determined 
at this rime, although the dc novo biosyn- 
thesis data demonstrate that the lung is still 
actively synthesizing human al AT at day 7 
(Fig. 3B, lane 15). 

Our findings are relevant to gene therapy 
strategies for human diseases. The two most 
common lethal hereditary disorders ot Cau- 
casians, alAT deficiency (allelic frequency 
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Fig. 3. Expression of human a I AT mRNA tran- A 
scripts and synthesis and secretion of human 
al AT by cotton rat lung after Ad-alAT infection 
in vivo. Cotton rats were anesthetized, and Ad- 
alAT was diluted in 300 uJ of PBS to 10 8 + 
PFU/ml and instilled into the trachea. Controls 
included 300 ul of PBS or 300 \tl of PBS with 
Ad-dl312 at 10 8 PFU/ml. After 1 to 7 days, lungs 
were exposed and lavaged, and the pulmonary 

vasculature was perfused with methioninc-frec 1 2 3 4 5 

LHC-8 medium. (A) We extracted total RNA 
(57), treated the RNA with an excess of deoxyri- 

bonucleasc (DNasc) (RQ1 RNase-Frec DNasc, Promcga), converted the 
RNA to cDNA by standard techniques, and amplified the cDNA by the 
polymerase chain reaction (PCR) for 25 cycles (32) with an adcnoviral- 
specific primer in the tripartite leader sequences (Fig. 1) and a human alAT 
exon Hi-specific antisense primer (33). PCR products were evaluated by 
agarose gel electrophoresis, followed by Southern hybridization with a 
human alAT cDNA probe that was 32 P-labcIed by random priming (34). 
The size of the expected fragment (1062 bp) is indicated by the arrow. 
Reverse transcriptase was present in lanes, 2, 4, 6, and 8. Lanes 1 and 2, 
uninfected lung RNA from the cotton rat (PBS control); lanes 3 and 4, 2 
days after infection with Ad-dl312. Lanes 5 and 6, cotton rat 2 days after 
infection with Ad -a 1 AT; lanes 7 and 8, a different rat, treated as in 5 and 6; 
lane 9, PCR control without RNA or DNA template. (B) At various rimes 
after infection, the lungs were minced, incubated for 1 hour in methionine- 
free LHC-8 medium (37°C), and then incubated for 24 hours in medium 
with [ 3S S]-methionine (1 ml of medium/150 mg of tissue; 500 jtCi/ml). The 
supernatant was then evaluated by immunoprecipitation with a rabbit 
antibody to human alAT (Bochringer Mannheim), SDS-polyacrylamidc 
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6 7 8 9 

gels, and autoradiography as in Fig. 2E. Trichloroacetic acid-prccipitablc 
radioactivity was evaluated by immunoprecipitation (for lanes 10 to 15, 2 x 
10 6 cpm; for lanes 16 to 18, 1 x 10 6 cpm). Autoradiogram exposures for 
lanes 10 to 15 were identical; lanes 16 to 18 were evaluated at a different 
time; and the exposures adjusted such that the intensity of the alAT band 
without NE was similar to that in lane 13. We evaluated the ability of the 
synthesized human alAT to inhibit its natural substrate, NE, by incubating 
the supernatant with various dilutions of active NE (30 min, 23°C) before 
immunoprecipitation. Lane 10, uninfected control; lane 11, 1 day after 
infection with Ad-alAT; lane 12, same as in 11 but with antibody exposed 
to unlabeled human alAT before immunoprecipitation; lanes 13 through 
15, 2, 3, and 7 days, respectively, after infection with Ad-alAT; lanes 16 
through 18, 2 days after infection with Ad-alAT and with 3 nM, 30 nM, and 
300 nM NE added to the supernatant before immunoprecipitation, respec- 
tively. The uninfected control evaluated in parallel to lanes 16 through 18 
demonstrated no complexes. Indicated is the size of human alAT (52 kD) 
and the human alAT-human NE complex (81 kD). 



0.01 to 0.02) and cystic fibrosis (CF; allelic 
frequency 0.022), have their major clinical 
manifestations in the lung (9, 14). In alAT 
deficiency, mutations of coding exons of the 
12.2-kb alAT gene result in decreased se- 
rum and, hence, lung levels of alAT, an 
and protease that normally protects the lung 
from destruction by the powerful proteolyt- 
ic enzyme NE (9). Consequently, affected 
individuals develop emphysema by age 30 to 
40, which results in a progressive respiratory 
impairment and a shortened life-span (15). 
Transfer of the normal alAT gene to lung 
cells has the potential to protect the lung 
from NE by local production of the func- 
tional antiprotease. 

In CF, mutations of coding exons of the 
250-kb CF gene arc associated with abnor- 
malities in respiratory epithelial cell secre- 
tion of thick mucus, chronic colonization of 
the epithelium with pathogens such as Pseu- 
domonas aeruginosa, and airway inflammation 
dominated by neutrophils (14, 16). Because 
the CI" secretory abnormalities of epithelial 
cells with the CF genotype can be corrected 
by the transfer of the normal CF gene in 
vitro (17), it should be possible to overcome 
the expression of the abnormal gene by 
transfer of the normal gene to airway epi- 
thelial cells in vivo. 

A recombinant adenovirus-ornithine 
transcarbamylase (OTC) vector adminis- 
tered intravenously to sgf-ash mice (OTC- 
deficicnt) corrected the enzyme deficiency 
for at least 1 year (18)> which suggests that 
long-term expression is possible. In the 
lung, long-term expression would be aided 
by stable integration of the transferred gene 



into the appropriate stem cells (1, 19, 20). 
Production of human alAT by lung cells 
continued for at least 1 week after in vivo 
infection with Ad-alAT. If an inability of 
the virus to infect stem cells limits the length 
of the time of expression, repetitive admin- 
istration of the recombinant virus could be 
used, as long as safety is ensured. 

Respiratory epithelial lining fluid (ELF) 
levels of alAT of 1.7 are sufficient to 
protect the human lung from its burden of 
NE (21). Because the lavage fluid used to 
obtain the ELF diluted the ELF 50- to 



100-fold (22), we estimate that the actual 
ELF levels achieved in experimental animals 
with a single infection of Ad-alAT were 
—50-fold below threshold human protective 
level. Theoretically, it may be possible to 
achieve higher levels of alAT by increasing 
the viral titer, delivering Ad-alAT by aero- 
sol (thus dispersing the vector over a broad- 
er surface area), and repeating the adminis- 
trations of vector. 

The safety aspects for human gene therapy 
of the recombinant adenoviral vectors, un- 
like retroviral vectors, have not been exam- 



Fig. 4. In situ hybridiza- 
tion evaluation of lung 
from cotton rats infected 
in vivo with Ad-alAT. 

(A) Uninfected lung (PBS 
control) with antisense 
probe. (B through I) Sev- 
eral examples of Ad- 
alAT-infcctcd lung. (B) 
Antisense probe. (C) As in 

(B) but with sense probe. 
(D) Antisense probe. (E) 
As in (D) but with sense 
probe. (F) Antisense 
probe. (G) As in (F) but 
with sense probe. (H) An- 
tisense probe. (I) As in 
(H) but with sense probe. 
Cotton rats were infected 
in vivo as described in Fig. 
3, with 300 uJ of PBS alone or with 300 ul of Ad-alAT diluted to between 10* and 10 10 PFU/ml in 
PBS. After 3 days, the lungs were exposed, blood was removed by cardiac puncture, and the lungs were 
lavaged. The trachea and pulmonary vasculature were perfused with 4% paraformaldehyde (PFA; Fluka 
Chemical Corp.); the lungs were resected, fixed in 4% PFA, and frozen. Cryostat sections (7 to 10 *im) 
were serially treated with 0.2 M HC1 and proteinase K (1 ug/ml) immediately before hybridization and 
evaluated with 3S S-labeled antisense and sense RNA probes as described in Fig. 2. As far as was possible, 
serial sections were used for the antisense and sense probes. All cryostat sections were stained with HE 
(all panels' x 5 15). 
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Fig. 5. The amount of human alAT in the 
respiratory ELF of cotton rats after in vivo infec- 
tion with Ad -a 1 AT. Animals were infected intra- 
tracheaUy with CsCI-purified Ad-alAT (10 8 to 
10'° PFU/mJ) as described in Fig. 3; controls 
included uninfected animals and those infected 
with a similar titer of Ad-dl312. From 1 to 7 days 
after infection, ELF was obtained by lavage of the 
lungs with 2 ml of PBS. Lavage fluid was clarified 
(70%, 20 min), and the concentration of human 
alAT was quantified (in quadruplicate) with a 
human alAT-spccinc ELISA (35) with a sensi- 
tivity of a 3 ng/ml. Each symbol represents the 
mean value of an individual animal. All uninfected 
animals, O; for infected animals, 1 (O, O), 2 (A, 
A), 3 (D, D), and 7 (V, V) days after infection, 
respectively. No alAT was detected by ELISA in 
the viral preparations used for infection. 



(1986). 

8. A. Bailav, M. Levrero. M.-A Bucndia, P. Tiollais, 
M. Pcmcaudec, EMBO /. 4, 3861 (1985). 

9. R. G. Crystal,/ Clin. Invest. 85, 1343 (1990). 

10. P. GUardi, M. Counncv, A Pavirani, M. Pcrriau- 
det, FEBS Lett. 267, 60 (1990). 

11. M. Column* et al, Proc. Natl Acad. Sci. t/.SvL 
81, 669 (1984). 

12. H. S- Ginsberg et el, ibid. 86, 3823 (1989). 

13. N. Jones and T. Shenk, Cell 17, 683 (1979). 

14. B.-S. Keremfl W., Science 245, 1073 (1989); T. F. 
Boat, M. J. Welsh, A L Bcaudct, in The Metabolic 
Basis of Inherited Diseases, C R- Scrivcr, A L. 
Beaudet, W. S. Slv, D. Vallc, Eds. (McGraw-Hill, 
New York, ed. 6, 1989), pp. 2649-2680. 

15. R. G. Crystal, Trends Genet. 5, 411 (1989). 

16. J. M. Rommens et al, Science 245, 1059 (1989); J. 
R. Riordan et al, ibid., p. 1066. 

17. M. L. Drumm et al, Cell 62, 1227 (1990); D. P. 
Rich et al, Nature 547, 358 (1990); R. J. Gregory 
et al, Aid. p. 382. 

18. L. D. Strarford-Pcrricaudet, M. Levrero, J.-F. 
Qiassc, M. Perricaudet, P. Briand, Hum. Gene Ther. 
1, 241 (1990). 

19. R. G. Breeze and E. B. Whccldon, Am. Rev. Respir. 
Dis. 116,705 (1977). 

20. G. D. C Massiro, in Lung Celt Biology, C. Lcnfant 
and D. Massaro, Eds. (Dekker, New York, 1989), 
pp. 81-114. 

21. R. C Hubbard and R. G. Crystal, Lung 168 
(suppl.), 565 (1990); M. D. Wewcrs et al., N. Engl 
J. Med. 316, 10SS (1987). 

22. S. I. Rcnrurd et al, J. Appl Physiol 60, 532 
(1986). 

23. B. Thirnrnappaya, Cell 31, 543 (1982). 

24. F. L. Graham, J. Smiley, W. C. Russell, R. Nairn, J. 
Gen. Virol 36, 59 (1977). 

25. h L. Graham and A. J. Van Dcr Eb, Virology 52, 



456 (1973). 

26. B. Hire / Mol Biol 26, 365 (1967). 

27. J. F. Lcchncr, A Hauccn, I. A. McClcndon, E. W. 
Perns, In Vxtto 18, 633 (1982). 

28. M. E. Harper, L. M. MarscUc, R. C Gailo, F. 
Wong-Staal, Proc. Natl Acad. Sci. U.S^4. 83, 772 
(1986). 

29. J.-F. Bernaudin et al, J. Immunol 140, 3822 
(1988). 

30. J.-F. Mornex«<i/.,J. Clin. Invest. 77, 1952 (1986). 

31. J. M. Chirgwin, A E. Przvbyia, R. J. MacDonald, 
W. J. Ruticr, Biochemistry 18, 5294 (1979). 

32. R. IC Saiki et al, Science 239, 487 (1988). 

33. To eliminate the possibility of contaminating viral 
DNA amplification, we also used each DNase -treat- 
ed sample of RNA as a PCR template without 
conversion to DNA 

34. G. M. Church and W. GUbcrt, Proc. Nad. Acad. Sri. 
U.SA. 81, 1991 (1984); A P. Feinbcrg and B. 
Vogelstein, Anal Biochem. 132, 6 (1983). 

35. J. P. Michalski, C C McCombs, S. Sheth, M. 
McCarthy, R- dcShazo,/ Immunol Methods 83, 
101 (1985). 

36. Wc thank B. Trapncll and N. McElvaney (Pulmo- 
nary Branch, National Heart, Lung, and Blood 
Institute), M. Courtney (Research Department, 
Delta Biotechnology, Ltd.), B. Carter (Laboratory 
of Molecular and Cellular Biology, National Insti- 
tute of Diabetes and Digestive and Kidney Dis- 
eases), and H. Ginsberg (Departments of Medicine 
and Microbiology, Columbia University) for helpful 
discussions; G. Prince and M. Rcdington (Labora- 
tory of Infectious Diseases, National Institute of 
Allergy and Infectious Diseases) for making cotton 
rats available to us; and T. Raymcr for assistance in 
preparing the manuscript. 

16 November 1990; accepted 5 March 1991 



Group I Intron Self-Splicing with Adenosine: 
Evidence for a Single Nucleoside-Binding Site 

Michael D. Been* an d Anne T. Perrotta 

For self-splicing of Tetrahymena ribosomal RNA precursor, guanosine binding is 
required for 5' splice-site cleavage and exon ligation. Whether these two reactions use 
the same or different guanosine-binding sites has been debater! A double mutation in 
a previously identified guanosine-binding site within the intron resulted in preference 
for adenosine (or adenosine triphosphate) as the substrate for cleavage at the 5' splice 
site. However, splicing was blocked in the exon ligation step. Blockage was reversed by 
a change from guanine to adenine at the 3' splice site. These results indicate that a 
single detenninant specifies nucleoside binding for both steps of splicing. Further- 
more, it suggests that RNA could form an active site specific for adenosine triphos- 
phate. 



ined in detail. Safety is particularly impor- 
tant in weighing risk and benefit in response 
to alAT deficiency, in which augmentation 
therapy with human plasma alAT is avail- 
able (21). In contrast, no definitive therapy 
is available for CF. Most human adults have 
antibodies to one of the three serogroup C 
adenoviruses to which Ad5 belongs (5). 
This implies little risk to those working with 
these vectors but may have negative impli- 
cations for the virus as a gene transfer vector 
in the human lung. If such problems arc 
encountered, alterations in the vector con- 
struct may be helpful. The encouraging re- 
sults obtained with the Ad-alAT recombi- 
nant adenoviral vector in vivo suggest that 
similar recombinant vectors may be useful 
for in vivo experimental animal studies with 
genes such as the human CF gene. 
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GROUP I ENTRONS SHARE CON- 
served sequence elements and a 
common core secondary structure 
(1). Consistent with these similarities, there 
is a common mechanism by which group I 
introns are excised and the exons ligated (2, 
3). A significant feature of all group I in- 
trons is the requirement for G (4) to initiate 
the splicing reaction (2, 5). The first step is 
a G-dependent cleavage at the 5' splice site. 
This step is a transcsterification (phospho- 
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ester transfer) reaction in which the sub- 
strate G is covaiently joined to the 5' end of 
the intron. As a result, a free 3' hydroxyl 
group is generated on the U at the end of 
the 5' exon. In the second step of the 
splicing reaction, the exons arc ligated by 
another transcsterification reaction. In this 
case, attack occurs at the 3' side of the 
conserved G at the 3' end of the intron 
(G414) (6) (Fig. 1). This G is essentia] for 
completion of the splicing reaction (7). The 
5' splice-site cleavage can be viewed as the 
"forward" reaction, and the exon ligation 
can be viewed as the "reverse" of the same 
reaction (8-10). This idea was demonstrated 
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